In this study we examined the effect of myelin P2 protein on some proinflammatory functions exerted by human mononuclear phagocytes. Northern blot analysis demonstrated that P2 protein selectively induced in monocytes and macrophages mRNA accumulation of tumor necrosis factor (TNF), interleukin 113 (IL-10), and interleukin 8 (IL-8) in a time-dependent manner. Natural killer stimulating factor (IL-12) mRNA and protein secretion was strongly induced by lipopolysaccharide but not by P2 protein. Supernatants harvested from P2-stimulated monocytes contained signicant amounts of TNF, IL-118, and IL-8, whereas those from macrophages contained only TNF and IL-8. The effect of the P2 protein on TNF and IL-8 mRNA accumulation and secretion was not affected by polymyxin B, which, on the other hand, almost completely abolished the effect of lipopolysaccharide. Finally, P2 protein did not directly trigger hydrogen peroxide release but, through the induced release of TNF, potentiated monocyte respiratory burst capability. Since P2 protein is the antigen responsible for the induction of experimental allergic neuritis, these findings identify a potential mechanism involved in the infammatory reaction and myelin damage during experimental allergic neuritis.
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P2 is a 14-kDa basic protein found in myelin and in the cytosol of Schwann cells and oligodendrocytes. P2 protein is the crucial antigen responsible for the immune events associated with experimental allergic neuritis (EAN) (1) , an autoimmune demyelinating disease of the peripheral nervous system (PNS) proposed as an animal model of the acute human Guillain-Barrd syndrome (2) .
Mononuclear phagocytes are the predominant inflammatory cell type in the PNS during EAN and their role in the effector phase and amplification of the disease has been well established (3, 4) . Even though previous studies showed that during EAN macrophages phagocytize the myelin sheath (5) and inflict myelin damage by releasing inflammatory mediators such as reactive oxygen intermediates (ROIs), arachidonic acid metabolites, and hydrolases (6, 7) , the mechanisms by which these processes occur are unknown.
The present study was designed to examine whether mononuclear phagocytes generate potentially injurious mediators upon interaction with purified P2 protein. We observed that P2 protein induced the production of tumor necrosis factor (TNF), interleukin 13 Cytokine Assays. Antigenic TNF was determined by using a double-ligand immunoassay (50 pg/ml detection limit), recently developed in our laboratory (12) . Extracellular antigenic IL-8 was measured by a specific ELISA, having a detection limit of 20 pg/ml (13 lTo whom reprint requests should be addressed.
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detection limit] or by a double-determinant RIA developed with monoclonal antibodies (mAbs) 609 and 206 (5 pg/ml detection limit), kindly donated by M. A. Cousin (14) . NKSF/IL-12 was determined by a double-determinant RIA detecting the p70 heterodimers and the p40 free chains with a detection limit of 10 pg/ml, as described (15) . H202 Assay. H202 release was assayed by the fluorimetric measurement of the horseradish peroxidase-dependent oxidation of homovanillic acid (16) . Briefly, monocyte or MDM monolayers cultivated in 24-well trays, preincubated or not preincubated for 24 h with LPS (10 ng/ml) or interferon y (IFN-y; 100 units/ml), were washed twice with PBS and stimulated with bovine or rabbit P2 protein (1-50 ,ug/ml) or phorbol 12-myristate 13-acetate (PMA; 100 ng/ml) dissolved in 0.5 ml of a standard reaction mixture (16) . After 60-90 min of incubation at 37°C, aliquots of the reaction mixture from triplicate wells per condition were collected and analyzed in a Perkin-Elmer LS-5 fluorometer. Fig. 1A) , and IL-1p (not shown) mRNA in response to P2 protein was observed at 6 h and was followed by a decrease at later times. In comparison with P2, the levels of TNF, IL-8, and IL-1l3 transcripts induced upon stimulation with LPS were higher (see densitometry), and in the case of IL-8 they continued to rise over the 24-h time period (Fig.  1A) . Furthermore, only LPS was able to induce NKSF/IL-12 p40 (Fig. 1B) and NKSF/IL-12 p35 (not shown) mRNA accumulation. mRNA accumulation of p47-phox, one of the
cytosolic components of the NADPH oxidase superoxidegenerating system, was strongly enhanced by LPS, as reported (17) , and it was increased also by the P2 protein at the 24-h time point (Fig. 1A) . Fig. 1C Determination of cytokine protein levels in cell-free supernatants harvested from P2-and LPS-treated monocyte or MDM cultures revealed that unstimulated cells did not release TNF, IL-8, IL-1,3, and NKSF/IL-12 at levels significantly higher than the detection limit of the assays (Fig. 2) . Monocytes stimulated with P2 protein released significant amounts of TNF, IL-8, and IL-lp but no NKSF/IL-12 ( Fig.   2A ), whereas MDMs secreted only TNF and IL-8 (Fig. 2B) .
The concentrations of IL-8 and IL-1,8 in the supernatants of P2-stimulated cells continued to increase up to 24 h, whereas those of TNF reached a maximum level at 6 h and then decreased (not shown). After stimulation with LPS, the levels of immunoreactive TNF, IL-8, and IL-1,8 detected in the supernatants of monocyte or MDM cultures followed similar kinetics but were on average 6-20 times higher than those obtained after P2 treatment. In addition, unlike P2, LPS also induced the secretion of high amounts of NKSF/IL-12 (Fig.  2) . The pattern of cytokine release described was extremely reproducible in every experiment, and overall results were qualitatively the same even though they were expressed as a function of the adherent protein content per well (see, for example, the experiments shown in Figs. 3 and 5) .
In additional experiments, P2 protein and different concentrations of LPS were preincubated with polymyxin B sulfate (10 ,g/ml) before addition to MDMs. Polymyxin B binds to the lipid A moiety of endotoxin and prevents most of LPS biologic activities (18) . Polymyxin B almost completely abolished mRNA accumulation (not shown) and secretion of TNF and IL-8 induced by all doses of LPS tested, whereas it had no effect on cytokine production induced by the P2 protein (Fig. 3) .
Effect of P2 Protein on Monocyte and MDM Capability To Produce H202. To determine if P2 could directly induce the production of ROIs, we stimulated monocytes and MDMs with P2 protein and measured the release of H202. Unlike PMA, which is a potent stimulus of the oxidative burst, doses of P2 protein ranging from 1 to 50 ,.g/ml (Fig. 4 and data not shown) did not induce production of H202 by human phagocytes. P2 protein was also ineffective in inducing H202 production by MDMs primed by LPS and IFN-y, which responded to PMA stimulation with enhanced H202 release (Fig. 4 Lower). However, pretreatment ofmonocytes with P2 for 24 h enhanced their ability to produce H202 in response to PMA in a manner similar to LPS or TNF (see Fig. 5 Lower).
Effect of Anti-TNF Antibodies on P2-Induced Release of IL-8 and P2-Dependent Activation of Respiratory Burst Capability. To determine whether TNF rapidly produced in response to P2 stimulation could be responsible for eliciting IL-8 production (19) and respiratory burst activation, we performed studies in which neutralizing antibodies to TNF (B.154.2) (20) were added to P2-, LPS-, and TNF-stimulated monocytes. Anti-TNF antibodies, over a 24-h time course, reduced by 61% the production of IL-8 in response to P2 protein, whereas it slightly (20%) affected the release of IL-8 stimulated by LPS (Fig. 5 Upper). Anti-TNF antibodies neutralized almost completely the release of IL-8 induced by concentrations of TNF (5 ng/ml) similar to those observed to be released by P2-stimulated monocytes, whereas an isotypematched antibody (2B10) (21) had no effect in any conditions. Under the same experimental conditions, anti-TNF antibod- ies also abrogated the ability of TNF and P2 protein, but not of LPS, to potentiate monocyte capability to produce H202 in response to PMA (Fig. 5 Lower) .
DISCUSSION
This study demonstrates that myelin P2 protein is able to induce the release of TNF, IL-13, and IL-8 by cultured human monocytes and MDMs. The effect of P2 protein on TNF, IL-1,3, and IL-8 production is regulated at the level of mRNA accumulation, and, at least with monocytes, it was obtained with P2 proteins purified from two different species having homology of -95%. Although P2 protein did not trigger the production of ROIs by mononuclear phagocytes, regardless of their stage of maturation or activation, it potentiated the oxidative burst capability of monocytes in a manner equivalent to that of LPS or TNF. Interestingly, the mRNA levels of p47-phox, one of the NADPH oxidase components that presumably plays a key role in the mechanism of activation of macrophage respiratory burst (17, 22) , were also increased in monocytes treated with P2 protein.
However, use of a neutralizing anti-TNF mAb revealed that the P2-induced activation of respiratory burst and part of the P2-induced release of IL-8 were mediated by the TNF induced by P2 stimulation. Whether the P2 protein interacts with a specific receptor on phagocytes or is simply internalized by fluid-phase pinocytosis is not known yet.
The following observations unequivocally show that.the effects attributed to the P2 protein were not influenced by (10 ,ug/ml with MDMs) or PMA (100 ng/ml). MDMs were also previously activated by an exposure to LPS (10 ng/ml) or IFN--y (100 units/ml) for 24 h (Lower). H202 release was measured as described (16) (26) , and it is known to be involved in the development of experimental allergic encephalomyelitis and multiple sclerosis lesions (27) . IL-1l3 may promote recruitment of leukocytes by increasing their adhesion to endothelial cells, thus favoring the onset of the inflammatory process (28) . IL-8 is a cytokine that typically mobilizes and activates polymorphonuclear leukocytes (PMNs) (29) but that also acts as a chemoattractant for about 10% of human peripheral blood T lymphocytes (30) . The 
